Limited research has been conducted on healthcare-associated infective endocarditis (HAIE), although it is of increasing importance. The aim of this study is to compare the epidemiology, clinical characteristics, and prognosis of community-acquired IE (CA-IE) with HAIE and non-nosocomial healthcare-associated IE (NNHCA-IE). A retrospective, consecutive case-series analysis was organized and performed during the 20-year study period in Huashan Hospital, Shanghai, China. A total of 154 patients were enrolled, including 126 (81.8%) who had CA-IE and 28 (18.2%) who had HAIE, among whom 20 (71.4%) had non-nosocomial IE. Patients with HAIE compared to patients with CA-IE had poorer clinical conditions (Charlson comorbidity index o2: 35.7% vs. 15.1%, P 5 0.012; immunosuppressive therapy: 21.4% vs. 4.0%, P 5 0.005), underwent more prosthetic valve replacement (35.7% vs. 7.1%, P ,0.001), had less streptococcus infection (16.7% vs. 51.1%, P 5 0.007) but more atypical bacterial infection (50.0% vs. 21.1%, P 5 0.017) and poorer outcomes (17.9% vs. 4.0%, P 5 0.019). It is noteworthy that the results were quite similar between the comparison of patients with NNHCA-IE and those with CA-IE. Overall, in-hospital mortality was 6.5%. The IE acquisition site and low serum albumin levels (odds ratio (OR): 0.8; P 5 0.04) were significantly associated with an increased risk of mortality. Nosocomial IE patients had an 8.3-fold and NNHCA-IE patients had 6.5-fold increase in the risk of mortality compared to CA-IE patients. In conclusion, HAIE and NNHCA-IE have important epidemiological and prognostic implications. Because NNHCA-IE usually occurs in patients residing in the community, it is suggested that these patients should be identified and treated by the community primary care clinical staff as early as possible.
INTRODUCTION
Over the past 30 years, infective endocarditis (IE) has been associated with high morbidity and mortality rates despite the improvement in health care. This apparent paradox results from changes in the disease profile, including the aging process, a shift among the predisposing factors from rheumatic heart diseases to prosthetic valve or degenerative valve disease and changes in the prevalent microbiology.
1,2
Healthcare-associated IE (HAIE) is an increasingly recognized category of IE. Previous studies have shown that this classification accounted for up to 30% of IE cases in developed countries, and cases were usually acquired in hospitals. 3, 4 However, several studies have underlined the magnitude of the problem. 5, 6 Patients receiving extensive invasive medical procedures and acquiring IE in community settings are now diagnosed with non-nosocomial healthcare-associated IE (NNHCA-IE). Although medical care is becoming more and more accessible on an outpatient basis in China, research in this field is quite limited.
The aim of this study is to describe the epidemiology, clinical characteristics, and prognosis of HAIE, to compare the characteristics of community-acquired IE (CA-IE) with HAIE and NNHCA-IE and to identify the independent risk factors for in-hospital mortality.
PATIENTS AND METHODS
Patients and hospital setting A retrospective, consecutive case-series analysis was organized and performed in Huashan Hospital, Shanghai, China. The data were retrieved from the hospital's standardized electronic database. All consecutive cases with IE diagnoses were selected from 1 July 1992 to 30 June 2012. The recorded variables included demographics, the presence of a predisposing cardiac condition, the Charlson comorbidity index, risk factors for transient bacteremia, risk behaviors, clinical, echocardiographic and laboratory findings, causative microorganisms, complications, treatments and outcomes. Two investigators reviewed the data independently. Patients with a first episode of diagnosed IE were included, but those with a relapse of IE were excluded, and relapse was defined as isolation of the same pathogen within a six-month period.
Ethics statement
All data were anonymously analyzed without individual patient consent due to the retrospective nature of the study. This study protocol was approved by the institutional review boards at Huashan Hospital.
Definitions IE diagnosis was based on the modified Duke criteria according to the clinical, echocardiographic, and microbiological findings (shown in Supplementary Table S1) . 8 NNHCA-IE was defined as occurring before or within 48 h of hospital admission for a patient with extensive out-of-hospital exposure to health care interventions or systems including the following: (i) receiving intravenous therapy, wound care, specialized nursing care, hemodialysis or intravenous chemotherapy within 30 days prior to the onset of IE; (ii) hospitalization for 2 or more days within 90 days before the onset of IE; (iii) residence in a nursing home or long-term care facility before hospital admission.
CA-IE was defined as patients with signs and symptoms of IE before or within 48 h of hospital admission not fulfilling the criteria for NNHCA-IE. An IE episode was classified as nosocomial when it was developed 48 h after hospital admission before the onset of signs or symptoms consistent with IE. Both NNHCA-IE and nosocomial IE were classified as HAIE. 9 A predisposing cardiac condition was defined as a history of prosthetic cardiac valve replacement, congenital cardiac malformation, rheumatic and other acquired valvular dysfunction, mitral valve prolapse with valvular regurgitation or a history of an implantable pacemaker or defibrillator. 10 Transthoracic echocardiogram (TTE) was performed routinely when IE was suspected. Transesophageal echocardiogram (TEE) was used to detect cases with negative TTE results after 2002. Laboratory tests were measured upon admission before initial antibiotic therapy in patients with CA-IE or NNHCA-IE or upon the onset of signs and symptoms consistent with IE in patients with nosocomial IE. These tests included hemoglobin levels, white blood cell count, platelet count, serum creatinine levels, albumin levels, and urine occult blood. Aerobic, anaerobic, and fungal blood cultures were performed routinely. Blood culture of the HACEK group (Haemophilus spp., Aggregatibacter spp, Cardiobaterium hominis, Eikenella corrodens, and Kingella kingae) and anti-bartonella, legionella, and mycoplasma antibody tests were not performed if patients had negative blood culture results. IE complications included acute left heart failure, stroke, central nervous system (CNS) infection (i.e., brain abscess and bacterial meningitis) and non-CNS embolism, which was defined as an arterial embolus causing limb ischemia or major organ infarction, including gastrointestinal, spleen, and renal infarction with obvious clinical symptoms and organ dysfunction leading to medical intervention.
Statistical analysis
The data were stored in Microsoft Access 2010 and were analyzed using Statistical Package for Social Science 20.0 (IBMcorp, Chicago, IL, USA). Categorical variables are presented as percentages and were compared using the chi-squared or Fisher's exact tests as appropriate. Continuous variables are summarized as medians and interquartile ranges, and the Mann-Whitney U test was used to evaluate the group differences. Odds ratios (OR) with 95% confidence interval (CI) were calculated using logistic regression. The variables of interest included the epidemiological data, predisposing factors, place of IE acquisition, laboratory tests, and echocardiographic findings as well as the causative pathogens. After univariate analysis, variables with P values less than 0.05 were included in forward stepwise logistic regression to identify independent variables. The site of IE acquisition was included in the regression model as coded dummy variables. P values less than 0.05 were considered statistically significant.
RESULTS
During the study period, a total of 212 cases of IE were recorded. Fiftytwo cases were excluded because of a possible diagnosis and six cases of definite IE relapse were excluded (shown in Figure 1 ). One hundred and fifty-four definite IE cases were included. One hundred and twenty-six (81.8%) cases were CA-IE, and 28 (18.2%) cases were HAIE; 20 (71.4%) of the HAIE cases were non-nosocomial IE. Only one case was associated with intravenous drug use and was CA-IE.
Among the patients who met the criteria for NNHCA-IE, 13 were hospitalized for more than two days within 90 days prior to admission; one received regular hemodialysis; four received wound care; and two had chemotherapy treatment within 30 days prior to the onset of IE. Six patients with nosocomial infection had undergone surgery, and the remaining two patients had a history of plasmapheresis (shown in Table 1 ).
Predisposing factors
The proportion of CA-IE and HAIE cases did not change throughout the study period. The median age at the time of the episodes was 46 (32-57) years, and 66.2% of patients were male. A history of prosthetic valve replacement (35.7% vs. 7.1%, P ,0.001) and rheumatic heart disease (35.7% vs. 11.1%, P 5 0.002) were more common in patients with HAIE than those with CA-IE. Differences were also identified between NNHCA-IE and CA-IE patients. In contrast, a history of congenital heart disease was more frequent among CA-IE patients than HAIE patients (23.8% vs. 3.6%, P 5 0.016). HAIE episodes were also associated with comorbidities (Charlson comorbidity index o2: 35.7% vs. 15.1%, P 5 0.012) and immunosuppressive therapy (21.4% vs. 4.0%, P 5 0.005) (shown in Table 2 ). Patients with nosocomial IE were more likely to have undergone immunosuppressive therapy (50% vs. 10%, P 5 0.038) (shown in Supplementary Table S2 ).
Clinical and echocardiographic characteristics
Fever was the most common clinical symptom. One hundred and fiftyone patients (98.1%) experienced fever. TTE was performed as a primary examination of all of the patients. Twenty-seven patients (17.5%) were diagnosed after TEE. Aortic valve involvement was more frequent in patients with CA-IE than HAIE (41.3% vs. 17.9%, P 5 0.020) or NNHCA-IE (41.3% vs. 15%, P 5 0.026) (shown in Table 2 ).
212 hospital cases with a primary diagnosis of IE Excluded cases n = 58
Possible IE n = 52
Recurrent IE n = 6
CA-IE 126
Eligible IE cases n = 154
Figure 1 A flow chart of patient enrollment according to the modified Duke criteria. IE, infective endocarditis; CA, community-acquired; NNHCA, non-nosocomial healthcare-associated.
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Complications and outcomes Ninety-six (62.3%) patients underwent surgery during the hospitalization period. Fifty patients developed complications, of which stroke was the most common, accounting for 44.0% of complications. Ten (6.5%) patients died before discharge. The patients with HAIE had significantly higher in-hospital mortality than those with CA-IE (17.9% vs. 4.0%, P 5 0.019) (shown in Table 2 ). Table S3 ). The prevalence of other organisms did not markedly change. 
Microbiology
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The microbiological constitutions of positive cultures differed among the three groups (shown in Figure 2 ). Streptococci were more common in CA-IE cases than in HAIE cases (51.1% vs. 16.7%, P 5 0.007) and NNHCA-IE cases (51.1% vs. 21.4%, P 5 0.038), whereaso nosocomial IE patients had streptococci. The proportions of patients with staphylococci among the CA-IE and HAIE groups were comparable (shown in Table 3 ). Non-streptococcus and non-staphylococcus infections were significantly higher in patients with HAIE and NNHCA-IE compared to those with community-acquired infection (50.0% vs. 21.1%, P 5 0.017; 50.0% vs. 21.1%, P 5 0.041). These microorganisms included gram-negative bacilli, enterococci, Candida albicans, gram-positive bacilli, Rhodococcus, Sphingomonas paucimobilis, and Aerococcus viridans. There were no differences in the microbiological spectrum found in NNHCA-IE and nosocomial IE cases (shown in Supplementary Table S4) .
Risk factors for in-hospital mortality
In this study, the in-hospital mortality was 6.5%. The causes of death included stroke (3), heart failure (3), CNS infection (2), complication of surgery (1), and septic shock (1). Nosocomial infection had the highest mortality rate (25.0%, 2/8), followed by NNHCA-IE (15.0%, 3/20), whereas the mortality rate of community-acquired infection was the lowest (4.0%, 5/126). Factors contributing to in-hospital mortality included the site of acquisition of endocarditis, white blood cell counts.10 3 10 9 /L, decreased serum albumin levels and urine occult blood o31. After multivariate regression of these factors, the site of infection acquisition was significantly associated with increased mortality (P 5 0.041). Compared with community-acquired infection, nosocomial infection had an 8.3-fold (95%CI: 1.0-69.0; P 5 0.050) increase in mortality and NNHCA-IE had a 6.5-fold (95%CI: 1.2-36.3; P 5 0.034) increase in mortality. Low albumin levels were also an independent risk factor for mortality. Each unit increase in the albumin level was associated with a 0.8-fold (95%CI: 0.7-0.9; P 5 0.040) decrease in mortality (shown in Table 4 ).
DISCUSSION
This study described the epidemiology and prognosis of HAIE (including cases of NNHCA-IE) in Huashan Hospital, Shanghai, China. Using this broader definition, we found that HAIE and NNHCA-IE represented almost 20% and 13% of all episodes of IE, respectively, which is similar to the data derived from developed areas (21.5%-34.0% and 5.5%-15.7%, respectively). 3, 5, 11 Among HAIE cases, up to 71.4% were non-nosocomial IE. In studies from Spain and Taiwan, NNHCA-IE only accounted for 19.3% and 57.7% of HAIE cases, respectively. 3, 11 This finding reflects the current trends in epidemiology in China, where the length of hospitalization after surgery is shortened and outpatient medical interventions have increased. These changes have been followed by an increased risk of healthcare-associated bacteremia resulting in NNHCA-IE. NNHCA-IE requires more attention, as it is usually primarily identified as a community-acquired infection, resulting in a delay of optimal treatment. HAIE tended to affect patients with poor clinical conditions. Additionally, patients with prosthetic valve replacement and rheumatic heart disease were more likely to have HAIE. These comorbidities 
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were linked to close contact with the health-care system and a subsequent increased risk of acquiring bacteremia and IE. The majority of cases with congenital heart disease were diagnosed only after the development of IE, implying that these patients had similar medical exposures to the patients with community-acquired infections.
Based on a review of the literature published in developed countries, the presence of a positive blood culture varied from 83% to 96%. 10, [12] [13] [14] Compared with other studies, the positive culture rate of this study was low. However, the positive culture rate was approximately 38.5%-70.1% in China, [15] [16] [17] [18] which is similar to the data published from India. 19, 20 This finding could be related to the use of antibiotics. Most patients in Huashan Hospital had been referred. They usually had a history of antibiotic use prior to the microbiological exam. In Huashan Hospital, the blood cultures of patients in the HACEK group, serology tests for bartonella, legionella, and mycoplasma as well as broad range polymerase chain reaction were not performed. These factors resulted in low microbiology detection. It has been suggested that patients with suspected bloodstream infection should receive blood cultures to rule out or confirm the diagnosis because a positive result is of great clinical significance.
Although several studies have suggested that staphylococci are the most common pathogens, 2, 11, 21 streptococci still predominate in this setting, especially in CA-IE cases. This predominance could be related to the younger age, the presence of underlying congenital heart disease, and the rates of community acquisition observed among the patients in this study. The causative pathogens of CA-IE and HAIE cases were quite different. There was a higher proportion of nonstreptococcus and non-staphylococcus infection in patients with HAIE, as previously mentioned by other authors. 3, 6, 22 The spectrum of pathogens found in NNHCA-IE cases had a similar pattern to those found in HAIE cases. These organisms often have a healthcare-associated origin, are caused by virulent and resistant organisms and result in high rates of complications and high mortality rates. [23] [24] [25] These findings emphasized the importance of the site of acquisition when evaluating the causes of IE and initiating treatment with antibiotics alone or in combination with surgery.
Two risk factors for in-hospital mortality were identified, including the site of IE acquisition and low serum albumin levels, which are consistent with previous reports that suggested a higher mortality rate in patients with healthcare-associated infections. 3, 5, 6, 11, 26 This finding could be the result of composite factors, including the frequency of comorbid conditions, non-typical microorganism infection, and increased involvement of the prosthetic valve. 21, 27 Additionally, nosocomial IE frequently affects the mitral and aortic valves. Although these factors were not found to be related to the disease prognosis, their association with poor outcomes has been described in previous studies. 28, 29 Low albumin levels were linked with mortality. 30 The mechanism is not yet clear. However, albumin levels may merely be an integrative barometer of multiple adverse events, including heart failure, 31 a hypercoagulable state, 32 malnutrition and cachexia, and renal impairment. These events have been confirmed to be risk factors for mortality in IE patients. 10, 13, [33] [34] [35] Monitoring serum albumin levels may provide important prognostic information and may prompt attempts to correct worsening inflammation, nutrition, congestion, or hepatic and renal dysfunction.
This study has several limitations. It was performed in a tertiary medical center where most patients were transferred for further treatment and were difficult to diagnose, resulting in long-term disease and negative blood culture results. Therefore, these results should not be generalized to other patient groups. In addition, the long-term prognosis of the disease cannot be evaluated, as these patients were not followed up longitudinally. To maintain the large sample size in a single medical center, the study period took place over a long period of time. Changes in microbiology trends and treatment regimens could affect the observed patient prognoses. Therefore, multiple-center prospective cohort studies are recommended.
In conclusion, this study reveals that HAIE is an important health problem and that NNHCA-IE is prevalent in this patient population. 
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The infection usually affects patients in poor clinical condition with prosthetic valve replacement or rheumatic heart disease. HAIE is mainly caused by staphylococci and atypical bacterial infection and is associated with considerable in-hospital mortality. Therefore, it is important that clinicians closely inquire about the patients' medical history exposures, especially when discriminating NNHCA-IE from CA-IE episodes, and consequently adjust treatment to improve patients' outcomes.
